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(57) ABSTRACT

Disclosed is a photosensitive resin composition capable of
displaying satisfactory patterning performance against an
alkaline developer and yielding a cured film of a sufficiently
low coefficient of linear thermal expansion. The photosensi-
tive resin composition contains a photopolymerization initia-
tor and a polyimide precursor obtained by the reaction of an
ester-containing diamine such as 4-aminophenyl 4'-ami-
nobenzoate, a biphenyl-based diamine such as 4,4'-diamino-
2,2'-dimethylbiphenyl, and an unsaturated group-containing
diamine such as 4,4'-diamino-2,2'-divinylbiphenyl with an
acid anhydride such as pyromellitic dianhydride. The content
of the structural unit derived from the unsaturated group-
containing diamine in the polyimide precursor is 5-60 mol %.
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1
PHOTOSENSITIVE RESIN COMPOSITION
AND CURED FILM

FIELD OF TECHNOLOGY

This invention relates to a photosensitive resin composi-
tion that is capable of forming a pattern by photoirradiation,
shows excellent solubility in developers based on aqueous
alkaline solutions, and yields a cured film having a low coet-
ficient of linear thermal expansion. This photosensitive resin
composition is applicable to protective films of semiconduc-
tor devices, coverlay films, and solder resists on account of'its
good thermal and chemical resistance.

BACKGROUND TECHNOLOGY

A resin obtained from a polyamic acid or a polyimide
precursor to which a compound having a polymerizable
unsaturated linkage is chemically added or from a mixture of
a polyamic acid and a compound having a polymerizable
unsaturated linkage has been used as a photosensitive poly-
imide. A photosensitive polyimide of this kind belongs to a
group of negative type photosensitive materials that form
patterns by photocrosslinking of the unsaturated linkages in
the presence of a photopolymerization initiator (patent docu-
ments 1 and 2). Since a polyamic acid used therein has a rigid
structure, a solvent of high dissolving power such as N-me-
thylpyrrolidone (NMP) is required as a developer after expo-
sure to light. However, developers such as this generate a high
environmental load and the disposal of waste developers
incurs an enormous cost. Since an aqueous alkaline developer
generates a low environmental load and is disposable at low
cost, there has been a demand for photosensitive polyimides
to which an aqueous alkaline developer is applicable.

Of photosensitive polyimides, the ones with a rigid back-
bone generally tend to have a low coefficient of linear thermal
expansion. However, these photosensitive polyimides con-
tain a large number of unsaturated linkages to act as photo-
sensitive groups and, further, their aliphatic side chains are
long; hence, they have a shortcoming that the coefficient of
linear thermal expansion tends to become higher. When a
photosensitive polyimide of a high coefficient of linear ther-
mal expansion is cured, for example, on a wafer of a semi-
conductor, there develops a possibility that the mismatch of
the coefficient of linear thermal expansion between the wafer
and the polyimide after curing causes the wafer to warp.
There are some indications that this warpage has a potential-
ity to cause inconveniences during the fabrication of semi-
conductors such as affecting the reliability of connection to an
interposer in flip-chip package and making it difficult to
handle the wafer in the process.

To solve the problem of solubility in developers among the
aforementioned problems, positive type photosensitive mate-
rials are proposed wherein a polyamic acid resin to which a
phenolic hydroxyl group is introduced and/or a polyamic acid
resin containing a phenolic hydroxyl group such as a poly-
benzoxazole precursor and naphthoquinonediazide are used
(patent documents 3, 4, and 5). However, in order to suppress
dissolution before exposure to light and secure the alkali
developing property after exposure to light, these positive
type resists contain a large amount of the photosensitizer
naphthoquinonediazide in relation to the resin and this is
considered responsible for lowering the concentration of the
resin and causing a problem in the strength of the film. Fur-
ther, as a technique to overcome the problem of warpage, the
incorporation of a siloxane-containing polyimide in a photo-
sensitive resin composition is proposed to reduce the warpage
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by increasing the elongation of a film to be formed from the
composition (patent document 6). The resin composition thus
proposed surely improves the elongation, but fails to correct
the mismatch of coefficient of linear thermal expansion and a
strain still remains in the resin. For this reason, the proposed
technique still raises concerns that such a strain might gener-
ate cracks to affect long-term reliability.

A photosensitive polyamic acid resin composition needs to
be imidized generally at high temperatures above 300° C.
Since a high temperature treatment such as this is difficult to
perform in the manufacturing process of semiconductors, a
demand has been created for photosensitive polyamic acid
resin compositions that can be imidized at low temperatures.
To solve this problem, the introduction of a catalyst that
becomes active at the time of curing is proposed (patent
documents 7 and 8). However, a matter of concern here is that
the catalyst exerts adverse influences such as deterioration of
storage stability and lowering of reliability by corrosion of the
circuit. A photosensitive resin composition that is highly stor-
age-stable at room temperature and requires no high-tem-
perature treatment at the time of curing is proposed (patent
document 9). However, since siloxane units are introduced
into the molecule in the proposed photosensitive resin com-
position, a cured film obtained from the composition has a
high coefficient of linear thermal expansion and is not free
from the problem of warpage.

PRIOR-ART TECHNICAL DOCUMENTS

Patent Documents

JP1979-109828 A
JP2008-83468 A
JP1992 4-31860 A
JP1981-27140 A
JP2008-158263 A
JP2007-132978 A
JP2008-281961 A
JP2007-84798 A
WO02006/109514

Patent document 1:
Patent document 2:
Patent document 3:
Patent document 4:
Patent document 5:
Patent document 6:
Patent document 7:
Patent document 8:

Patent document 9:

SUMMARY OF THE INVENTION

An object of this invention is provide a photosensitive resin
composition that is capable of forming a pattern by photoir-
radiation, shows excellent solubility in developers based on
aqueous alkaline solutions, and yields a cured film with a low
coefficient of linear thermal expansion.

The inventors of this invention have conducted intensive
studies to solve the aforementioned problems, found that
specifying the structure of a polyimide resin to be incorpo-
rated in a photosensitive resin composition can solve the
problems, and completed this invention.

Accordingly, this invention relates to a photosensitive resin
composition containing a polyimide precursor having struc-
tural units represented by the following formulas (1), (2), and
(3) and a photopolymerization initiator wherein the propor-
tion of the structural unit represented by formula (3) in the
polyimide precursor is 5-60 mol %.
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In formula (1), X is a tetravalent aromatic group formed by
removing the carboxyl groups from an aromatic tetracar-
boxylic acid, Y is a divalent aromatic group formed by remov-
ing the amino groups from an aromatic diamine and one or
both of X and Y contain at least one ester group (—COO—).
In formulas (2) and (3), Ar is a tetravalent aromatic group
formed by removing the carboxyl groups from an aromatic
tetracarboxylic acid and each of R| to R, is independently a
hydrogen atom, a substituted or unsubstituted alkyl group of
1-6 carbon atoms, a phenyl group, or an alkoxyl group of 1-6
carbon atoms, and each of R and Ry is independently a
monovalent organic group of 2-6 carbon atoms having a
radically polymerizable unsaturated linkage.

Another mode of this invention relates to a photosensitive
resin composition containing a polyimide precursor having
structural units represented by the following formulas (1a),
(2a), and (32) and a photopolymerization initiator wherein the
proportion of the structural unit represented by formula (3a)
in the polyimide precursor is 5-60 mol %.
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In formulas (1a) and (2a), each of R, and Ry is a hydrogen
atom, an alkyl group of 1-6 carbon atoms, or an alkoxyl group
of 1-6 carbon atoms and, in formulas (1a) to (3a), Ar is a
tetravalent hydrocarbon group.

A photosensitive resin composition in this invention is
preferably formulated from 100 parts by weight of the poly-
imide precursor and 1-20 parts by weight of a photopolymer-
ization initiator and, further, it is preferably developable by a
developer based on an aqueous alkaline solution.

Further, this invention relates to a cured film that is
obtained by subjecting the aforementioned photosensitive
composition to exposure to light and heat curing and has a
coefficient of linear thermal expansion of not more than
40x107%/K.

PREFERRED EMBODIMENTS OF THE
INVENTION

This invention will be explained in detail below.

A photosensitive resin composition in this invention con-
tains a polyimide precursor (also referred to as a polyamic
acid) and a photopolymerization initiator and the composi-
tion is capable of forming a pattern by photoirradiation. The
polyimide precursor has the structural units represented by
the aforementioned formulas (1), (2), and (3).

Alternatively, the polyimide precursor has the structural
units represented by the aforementioned formulas (1a), (2a),
and (3a). In formulas (1la), (2a), and (3a), Ar has the same
meaning as Ar in the aforementioned formulas (1), (2), and
(3) and each of R, and R is explained in the same way as R
and R,.

The structural unit represented by formula (1) is obtained
by the reaction of an aromatic tetracarboxylic acid dianhy-
dride with an aromatic diamine wherein one or both of the
aromatic tetracarboxylic acid dianhydride and the aromatic
diamine contain an ester group. The ester group as referred to
in this specification is an ester linkage denoted by —COO—.
In formula (1), X is a tetravalent aromatic group formed by
removing the carboxyl groups from an aromatic tetracar-
boxylic acid while Y is a divalent aromatic group formed by
removing the amino groups from an aromatic diamine.

The structural unit represented by formula (1) can be
obtained by selecting an aromatic tetracarboxylic acid dian-
hydride containing an ester group and an aromatic diamine
containing an ester group and using at least one of them in the
aforementioned reaction. From the viewpoint of obtaining a
film with a property of low thermal expansion by curing of a
photosensitive resin composition according to this invention,
it is preferable to use an aromatic tetracarboxylic acid dian-
hydride containing no ester group and an aromatic diamine
containing an ester group.

Examples of the ester group-containing aromatic tetracar-
boxylic acid dianhydrides include aromatic tetracarboxylic
acid dianhydrides represented by the following formula (4).
They are used singly or as a mixture of two species or more.
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In formula (4), Z, is a divalent organic group selected from

the aromatic groups illustrated below.
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Preferable examples of the ester group-containing aro-
matic diamines are represented by NH,—Ar—COO—Ar—
NH, or NH,—Ar—OCO—Ar-Q-Ar—OCO—Ar—NH,
wherein Ar is independently a benzene ring which may
optionally have a substituent and Q is a direct bond or a
hydrocarbon group of 1-8 carbon atoms. The aforementioned
substituent is preferably an alkyl group of 1-6 carbon atoms or
an alkoxyl group of 1-6 carbon atoms. More preferably, an
ester group-containing aromatic diamine is selected from the
diamines illustrated below and a single species or a combi-
nation of two species or more is used.

O
= 4©_<

Oy p oy O
O~ O

LN

NH,

CH;

(0] O,
2N‘©_< H >_®7NH2
(6] 6]
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Of the aforementioned diamines, the one whose chemical
formula is illustrated below is preferred from the viewpoint of
obtaining a film having a property of low thermal expansion
by curing of a photosensitive resin composition in this inven-

tion.
O
H2N4©_<
Rg

In this chemical formula, R is preferably ahydrogen atom,
analkyl group of 1-6 carbon atoms, or an alkoxyl group of 1-6
carbon atoms; more preferably, R, is a hydrogen atom, an
alkyl group of 1-2 carbon atoms, or an alkoxyl group of 1-2
carbon atoms.

Of the structural units represented by formula (1), a par-
ticularly preferable structure is the one represented by the
following formula (5).

®
0 0 o
H /\ H
HOOC COOH (@]
Ry

The structural unit represented by formula (5) is obtained
by the reaction of a diamine having a structure of 4-ami-
nophenyl 4'-aminobenzoate with an aromatic tetracarboxylic
acid dianhydride. In formula (5), R, is a hydrogen atom, an
alkyl group of 1-6 carbon atoms, or an alkoxyl group of 1-6
carbon atoms; Ar is a tetravalent aromatic group formed by
removing the carboxyl groups from an aromatic tetracar-
boxylic acid or a tetravalent hydrocarbon group; preferably,
R, is a hydrogen atom, an alkyl group of 1-2 carbon atoms, or
an alkoxyl group of 1-2 carbon atoms.

In order to obtain the structural unit represented by formula
(1), it is allowable to use an aromatic tetracarboxylic acid
dianhydride containing no ester group or an aromatic diamine
containing no ester group and a mention will be made of such
aromatic tetracarboxylic acid dianhydrides and aromatic
diamines later.

The structural unit represented by formula (2) is obtained
by the reaction of an aromatic tetracarboxylic acid dianhy-
dride with an aromatic diamine having a structure of 4,4'-
diaminobiphenyl. In formula (2), Ar is a tetravalent aromatic
group formed by removing the carboxyl groups from an aro-
matic tetracarboxylic acid and each of R, to R, is indepen-
dently a hydrogen atom, a substituted or unsubstituted alkyl
group of 1-6 carbon atoms, a phenyl group, or an alkoxyl
group of 1-6 carbon atoms.
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An aromatic diamine having a structure of 4,4'-diaminobi-
phenyl is represented by the following formula (6).

©)

R R3
= Q O A
Ry Ry

In formula (6), each of R, to R, is independently a hydro-
gen atom, a substituted or unsubstituted alkyl group of 1-6
carbon atoms, or an alkoxyl group of 1-6 carbon atoms;
preferably each of R to R, is independently an alkyl group of
1-6 carbon atoms, a fluorine-substituted alkyl group of 1-3
carbon atoms, or an alkoxyl group of 1-3 carbon atoms.

An aromatic diamine having a structure of 4,4'-diaminobi-
phenyl is preferably selected from the aromatic diamines
illustrated in chemical formula below and a single species or
a combination of two species or more may be used.

CH;

H,N NH,

:

&8
)

CoHs

H,N NH,

:

GoHs
CF,

LN NH,

:

F5C
OCH;

H,N NH,

:

H,CO
OC,Hs

H,N NH,

:

C,Hs0
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Preferable among the structural units represented by for-
mula (2) is the one represented by the following formula (7).

@
Rg
O O
N
H /\ H
HOOC COOH
Rg

The structural unit represented by formula (7) is obtained
by the reaction of a diamine having a structure of 4,4'-diami-
nobiphenyl with an aromatic tetracarboxylic acid dianhy-
dride. In formula (7), Ry is a hydrogen atom, a substituted or
unsubstituted alkyl group of 1-6 carbon atoms, a phenyl
group, or a substituted or unsubstituted alkoxyl group of 1-6
carbon atoms; Ar is a tetravalent aromatic group; R is pref-
erably an alkyl group of 1-2 carbon atoms, an alkoxyl group
of 1-2 carbon atoms, or a fluorine-substituted alkyl group of
1-2 carbon atoms.

The diamines useful for the preparation of a polyimide
precursor having the structural unit represented by formula
(7) include 4,4'-diamino-2,2'-dimethylbiphenyl, 4,4'-di-
amino-2,2'-diethylbiphenyl,  4.,4'-diamino-2,2'-bis(trifluo-
romethyl)biphenyl, 4.4'-diamino-2,2'-diphenylbiphenyl,
4.4'-diamino-2,2'-dimethoxybiphenyl, and 4,4'-diamino-2,
2'-diethoxybiphenyl. The aforementioned diamines or tetra-
carboxylic acid dianhydrides may be used singly or as a
mixture of two species or more.

The structural unit represented by formula (3) is obtained
by the reaction of an aromatic tetracarboxylic acid dianhy-
dride with an aromatic diamine having a radically polymer-
izable unsaturated linkage. In formula (3), Ar is a tetravalent
aromatic group formed by removing the carboxyl groups
from an aromatic tetracarboxylic acid and each of R5 and Rg
is independently a monovalent organic group of 2-6 carbon
atoms having a radically polymerizable unsaturated linkage.
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An aromatic diamine having a radically polymerizable
unsaturated linkage is represented by the following general
formula (8). The radically polymerizable unsaturated linkage
is preferably an ethylenic double bond.

R —\_R¢
HN R \ \NHZ

In general formula (8), each of R, and R is independently
a monovalent organic group of 2-6 carbon atoms having a
radically polymerizable unsaturated linkage, preferably an
alkenyl group of 2-6 carbon atoms or a group containing a
(meth)acryloxy  group  represented by —R,—
OOCR,,—CH, (wherein R, is a direct bond or a divalent
linking group of 1-4 carbon atoms and R, is hydrogen or a
methyl group), more preferably an alkenyl group of 2-4 car-
bon atoms or a (meth)acryloxy group.

Of the aforementioned aromatic diamines having a radi-
cally polymerizable unsaturated linkage, those represented
by the following formula are preferred from the viewpoint of
obtaining a film with a property of low thermal expansion by
curing of a photosensitive resin composition in this invention.
Here, R and Ry are respectively defined as above.

®

/' \
\

/_

Rs

H,N NH,

/
Tr

Of the structural units represented by formula (3), the one
represented by the following formula (9) is preferred.

©
o) o)
NI W
H /\ H
HOOC COOH

The structural unit represented by formula (9) is obtained
by the reaction of 4,4'-diamino-2,2'-divinylbiphenyl with an
aromatic tetracarboxylic acid dianhydride. In formula (9), Ar
is a tetravalent aromatic group or a tetravalent hydrocarbon
group.

As explained above, the structural units represented by
formulas (1) to (3) or polyimide precursors having these
structural units can be obtained by the reaction of an aromatic
tetracarboxylic acid dianhydride with an aromatic diamine.
In formulas (1) to (3), X and Ar are respectively tetravalent
groups formed by removing the carboxyl groups or acid anhy-
dride groups from an aromatic tetracarboxylic acid or a dian-
hydride thereof (the residue of an aromatic tetracarboxylic
acid) and X and Ar can be understood from explanation of the
aromatic tetracarboxylic acid dianhydrides to be used.

An explanation will be given of aromatic tetracarboxylic
acid dianhydrides below. In the case where an aromatic tet-
racarboxylic acid dianhydride containing an ester group is
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used to obtain the structural unit represented by formula (1),
an aromatic tetracarboxylic acid dianhydride represented by
formula (4) is preferably used as described earlier. In cases
other than this, the aromatic tetracarboxylic acid dianhy-
drides to be described below are used to obtain the structural
units represented by formulas (1) to (3) or to prepare polyim-
ide precursors having these structural units. In the case where
the use of an aromatic tetracarboxylic acid dianhydride con-
taining an ester group yields the structural unit represented by
formula (2), the structural unit in question is counted as a unit
represented by formula (2) and, in other cases, the structural
unit obtained is counted as a unit represented by formula (1).

There is no specific restriction on aromatic tetracarboxylic
acid dianhydrides to be used and examples include pyromel-

litic dianhydride, 2,2',3,3'-benzophenonetetracarboxylic acid
dianhydride, 2,3,3'.4'-benzophenonetetracarboxylic  acid
dianhydride, 3,3',4,4-benzophenonetetracarboxylic  acid

dianhydride, 2,3,6,7-naphthalenetetracarboxylic acid dian-
hydride, 1,2,4,5-naphthalenetetracarboxylic acid dianhy-
dride, 1.,4,5,8-naphthalenetetracarboxylic acid dianhydride,
1,2,6,7-naphthalenetetracarboxylic acid dianhydride, 1,2,5,
6-naphthalenetetracarboxylic acid dianhydride, 4,8-dim-
ethyl-1,2,3,5,6,7-hexahydronaphthalene-1,2,5,6-tetracar-

boxylic acid dianhydride, 2,6-dichloronaphthalene-1,4,5,8-
tetracarboxylic acid dianhydride, 2,7-dichloronaphthalene-1,
4,5,8-tetracarboxylic acid dianhydride, 2,3,6,7-
tetrachloronaphthalene-1,4,5,8-tetracarboxylic acid
dianhydride, 1.,4,5,8-tetrachloronaphthalene-2,3,6,7-tetra-
carboxylic acid dianhydride, 3,3',4,4'-biphenyltetracarboxy-
lic acid dianhydride, 2,2',3,3'-biphenyltetracarboxylic acid
dianhydride, 2,3,3',4'-biphenyltetracarboxylic acid dianhy-
dride, 3,3",4,4"-p-terphenyltetracarboxylic acid dianhydride,
2,3,3" 4"-p-terphenyltetracarboxylic acid dianhydride, 2,2",
3,3"-p-terphenyltetracarboxylic acid dianhydride, 2,2-bis(2,
3-dicarboxyphenyl)propane dianhydride, 2,2-bis(3,4-dicar-
boxyphenyl)propane dianhydride, bis(2,3-dicarboxyphenyl)
ether  dianhydride,  bis(2,3-dicarboxyphenyl)methane
dianhydride, bis(3,4-dicarboxyphenyl)methane dianhydride,
bis(2,3-dicarboxyphenyl)sulfone dianhydride, bis(3,4-dicar-
boxyphenyl)sulfone dianhydride, 1,1-bis(2,3-dicarboxyphe-
nyl)ethane dianhydride, 1,1-bis(3,4-dicarboxyphenyl)ethane
dianhydride, 2,3,8,9-perylenetetracarboxylic acid dianhy-
dride, 3,4,9,10-perylenetetracarboxylic acid dianhydride,
4,5,10,11-perylenetetracarboxylic acid dianhydride, 5,6,11,

12-perylenetetracarboxylic acid dianhydride, 1,2,7,8-
phenanthrenetetracarboxylic acid dianhydride, 1,2,6,7-
phenanthrenetetracarboxylic acid dianhydride, 1,2,9,10-

phenanthrenetetracarboxylic acid dianhydride, pyrazine-2,3,
5,6-tetracarboxylic acid dianhydride, pyrrolidine-2,3,4,5-
tetracarboxylic acid dianhydride, thiophene-2,3.4,5-
tetracarboxylic acid dianhydride, and 4,4'-oxydiphthalic acid
dianhydride. These aromatic tetracarboxylic acid dianhy-
drides may be used singly or as a combination of two species
ormore. Of the aforementioned aromatic tetracarboxylic acid
dianhydrides, pyromellitic dianhydride is particularly prefer-
able from the viewpoint of securing a low coefficient of linear
thermal expansion and good alkali developability.

The structural units represented by the aforementioned
formulas (1) to (3) are respectively found in the structures of
polyamic acids to be obtained by the reaction of aromatic
diamines with aromatic tetracarboxylic acids or dianhydrides
thereof and it is allowable that a polyimide precursor in a
photosensitive resin composition is partly imidized. How-
ever, the rate of this imidization is desirably kept below 10%,
preferably below 5%, more preferably below 1%, in order to
secure good alkali develop ability. The rate of imidization of
a polyimide precursor is determined as follows: the infrared
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absorption spectrum of a thin film of a polyimide is measured
by one-time reflection ATR method with the aid of a Fourier
transform infrared spectrophotometer (Model FT/IR620,
commercially available from Jasco Corporation) and the rate
of imidization is calculated from the absorbance of the C—0O
stretching at 1780 cm™" ascribable to the imide group using a
benzene ring absorbance in the vicinity of 1015 cm™ as an
internal standard. It is likely that a proton in the carboxylic
acid in the polyamic acid structure acts as an acid catalyst
during curing of a photosensitive resin composition thereby
enabling the imidization reaction (curing reaction) to occur at
low temperatures. A rate of imidization of below 10% is
desirable from this point of view as well.

It is necessary to control the proportion of the structural
unit of formula (3) in the polyimide precursor in the range of
5-60 mol %, preferably in the range of 15-50 mol %, in
relation to the sum of the structural units of formulas (1), (2),
and (3). When this proportion is less than 5 mol %, the
resulting polyimide cannot acquire a satisfactory ability to
form a pattern by crosslinking. When the proportion exceeds
60 mol %, the crosslinking density increases and the film
becomes brittle. The proportion of the sum of the structural
units of formulas (1) and (2) is controlled in the range of
40-95 mol %, preferably in the range of 50-85 mol %. When
the proportion of this sum is less than 40 mol %, it becomes
difficult for the resulting polyimide to display the perfor-
mances ascribable to these structural units such as acquiring
the develop ability by an aqueous alkaline solution and pro-
viding a low coefficient of linear thermal expansion. When
the sum exceeds 95 mol %, the pattern-forming ability
becomes insufficient.

The proportion of the structural unit represented by for-
mula (1) in the polyimide precursor is controlled in the range
of 10-80 mol %, preferably in the range of 25-70 mol %.
When this proportion is less than 10 mol %, the alkali devel-
opability tends to deteriorate. When the proportion exceeds
80 mol %, the film to be formed tends to become brittle. The
proportion of the structural unit represented by formula (2) is
controlled in the range of 5-85 mol %, preferably in the range
of 10-60 mol %. When this proportion is less than 5 mol %,
the coefficient of linear thermal expansion of the polymer
tends to increase and a difference in the coefficient of linear
thermal expansion between the polymer and a metallic mate-
rial of low thermal expansion used therewith facilitates occur-
rence of warpage. When the proportion exceeds 85 mol %, the
alkali developability tends to deteriorate.

A polyimide precursor to be used in this invention contains
the structural units represented by formulas (1), (2),and (3) as
essential structural units; however, it may contain structural
units derived from other diamines if in small amounts. The
structural unit of this kind is preferably represented by for-
mula (11).

1D
0 0
NJJ—AIJJ—N—RQ
i1 / i1

HOOC COOH

In formula (11), R, is a divalent hydrocarbon group and is
derived from the main structure of a diamine. Examples of
such diamines include 4,4'-diaminodiphenyl ether, 3,4'-di-
aminodiphenyl ether, 4,4'-diamino-2'-methoxybenzanilide,
4.,4'-diaminobenzanilide, 3,4'-diaminobenzanilide, 1,4-bis
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(4-aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)ben-

zene, 1,3-bis(3-aminophenoxy)benzene, 1,4-diaminoben-
zene, 1,3-diaminobenzene, 2,4-diaminotoluene, 4,4'-
diaminodiphenylmethane, 4,4'-diaminodiphenyl sulfone,

3,3'-diaminodipheny] sulfone, 4,4'-diaminobiphenyl, 4,4'-di-
aminobenzophenone, 4,4'-diaminodiphenyl sulfide, and 2,2-
bis[4-(4-aminophenoxy)phenyl|propane. These diamines
may be used singly or as a combination of two species or
more. The aforementioned diamines also provide preferable
examples of those diamines containing no ester group which
are used in the case where Y in formula (1) is a divalent
aromatic group containing no ester group. The group Aris a
tetravalent aromatic group that contains no ester group.

The proportion of the structural unit represented by for-
mula (11) in the polyimide precursor is preferably controlled
in the range not exceeding 50 mol %. When this proportion
exceeds 50 mol %, there may arise a possibility that any or all
of'the prescribed properties regarding the coefficient of linear
thermal expansion, alkali developability, and patterning per-
formance are not displayed. More preferably, the proportion
is controlled in the range not exceeding 20 mol %.

The aforementioned polyimide precursor can be synthe-
sized by the reaction of at least three kinds of aromatic
diamines that are respectively capable of yielding the afore-
mentioned structural units with at least one kind of aromatic
tetracarboxylic acid dianhydride at a molar ratio of nearly 1:1.
The reaction is preferably carried out in an organic solvent at
a temperature in the range of 0-60° C. When the reaction
temperature is too low, the reaction does not proceed suffi-
ciently and there is a possibility that a polyimide having a
molecular weight of desired magnitude is not obtained. On
the other hand, when the reaction temperature is too high,
polymerization and imidization take place at the same time in
some cases wherein not only the solubility of the product
polymer in a developer based on an aqueous alkaline solution
decreases but also the reaction solution undergoes gelation.

Examples of the organic solvents useful for the reaction
include dimethyl sulfoxide, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, hexameth-
ylphosphoric triamide, phenol, cresol, and y-butyrolactone
and these solvents may be used singly or as a mixture. The
amount of the solvent is not specifically limited and it is
preferably controlled so that the concentration of the
polyamic acid to be formed by the polymerization reaction
falls in the range of 5-40 wt %.

A photosensitive resin composition in this invention com-
prises the polyimide precursor obtained in the aforemen-
tioned manner and a photopolymerization initiator as essen-
tial components and it is allowable to add other resins,
monomers such as an acrylate, sensitizers, solvents, and the
like to the composition according to the need. In this manner,
a photosensitive resin composition can acquire excellent
properties suitable for practical use.

In the case where an acrylate is incorporated in a photo-
sensitive resin composition, examples of useful acrylates
include monoacrylates such as 2-ethylhexyl acrylate, 2-hy-
droxyethyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxy-
ethylacryloyl phosphate, 2-methoxyethoxyethyl acrylate,
2-ethoxyethoxyethyl acrylate, tetrahydrofurfuryl acrylate,
phenoxyethyl acrylate, isodecyl acrylate, stearyl acrylate,
lauryl acrylate, glycidyl acrylate, allyl acrylate, ethoxy acry-
late, methoxy acrylate, 2-(N,N-dimethylamino)ethyl acry-
late, benzyl acrylate, dicyclopentadienyl acrylate, and dicy-
clopentadiene ethoxy acrylate and polyfunctional acrylates
such as dicyclopentenyl acrylate, dicyclopentenyloxyethyl
acrylate, 1,3-butanediol diacrylate, 1,4-butanediol diacrylate,
1,6-hexanediol diacrylate, diethylene glycol diacrylate, neo-
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pentyl glycol diacrylate, polyethylene glycol 200 diacrylate,
polyethylene glycol 400 diacrylate, polyethylene glycol 600
diacrylate, neopentyl glycol hydroxypivalate diacrylate, tri-
ethylene glycol diacrylate, bis(acryloxyethoxy)bisphenol A,
bis(acryloxyethoxy )tetrabromobisphenol A, tripropylene
glycol diacrylate, trimethylolpropane triacrylate, pentaeryth-
ritol triacrylate, tris(2-hydroxyethyl) isocyanate, pentaeryth-
ritol tetraacrylate, dipentaerythritol hexaacrylate, and dipen-
taerythritol monohydroxy pentaacrylate. In the case where an
acrylate, preferably a polyfunctional acrylate, is used, it is
incorporated at a rate of 5-60 parts by weight, preferably
10-40 parts by weight, more preferably 10-30 parts by
weight, per 100 parts by weight of the polyimide precursor.

A radical photopolymerization initiator may be incorpo-
rated as a photopolymerization initiator in a photosensitive
resin composition. The radical photopolymerization initiator
generates polymerizable radicals upon photoirradiation and
the radicals react with unsaturated linkages in a photosensi-
tive resin composition to form a crosslinked structure thereby
insolubilizing the polymer in a developer. A variety of pho-
topolymerization initiators are available for use as radical
photopolymerization initiators here and examples include
acetophenone, 2,2-dimethoxyacetophenone, p-dimethylami-
noacetophenone, Michler’s ketone, benzil, benzoin, benzoin
methyl ether, benzoin ethyl ether, benzoin n-propyl ether,
benzoin isopropyl ether, benzoin n-butyl ether, benzil dim-
ethyl ketal, thioxanthone, 2-chlorothioxanthone, 2-methylth-
ioxanthone,  2-hydroxy-2-methyl-1-phenylpropan-1-one,
1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one,
methyl benzoylformate, and 1-hydroxycyclohexyl phenyl
ketone. The photopolymerization intiator is used at a rate of
1-20 parts by weight, preferably 1-10 parts by weight, per 100
parts by weight of the polyimide precursor.

Further, it is advantageous to incorporate a sensitizer and
4.4'-bis(diethylamino)benzophenone may be used as such in
this case. The sensitizer is added at a rate of 0.01-2 parts by
weight, preferably 0.05-0.5 part by weight, per 100 parts by
weight of the polyimide precursor.

The viscosity of a photosensitive resin composition in this
invention can be controlled by a variety of organic solvents.
Examples of such organic solvents include triethylene glycol
dimethyl ether, diethylene glycol dimethyl ether, N,N-dim-
ethylacetamide, N-methylpyrrolidone, propylene glycol
monomethyl ether acetate, ethyl lactate, dimethyl sulfoxide,
N,N-dimethylformamide and y-butyrolactone and mixtures
thereof. The solvent is used at a rate o 10-100 parts by weight
per 100 parts by weight of the solids in a photosensitive resin
composition. In the case where the organic solvent used as a
reaction solvent in the preparation of a polyimide precursor
remains, the remainder is counted as part of the solvent to be
added.

A photosensitive resin composition in this invention can be
used in the commonly known manner. For example, it can be
applied by a coating method to a substrate such as a silicon
wafer, a ceramic substrate, a rigid substrate, and a flexible
substrate. The method of coating is not specifically limited
and a method such as spin coating, slit coating, roll coating,
and printing is used. After application, the composition is
dried to form a film at 50-180° C., preferably at 80-140° C.
The thickness of the film after drying is controlled at the
prescribed value by adjusting the concentration of the solu-
tion of the photosensitive resin composition and the thickness
of'the applied solution. In the case where the film is intended
for use as protective films and coverlay films of semiconduc-
tor devices, the coating is normally performed in such a
manner as to control the thickness of the film in the range of
50-100 um. When the thickness is too small, the film cannot



US 9,181,381 B2

15

satisfactorily protect the device or the circuit underneath it.
When the thickness is too large, it becomes difficult to obtain
an accurate pattern.

The film is then exposed to light through a mask of a
prescribed pattern. Ultraviolet light or visible light whose
wavelength is in the range of 200-500 nm is used as a light
source for this exposure.

The prescribed pattern is obtained by dissolving off the
unexposed portion of the exposed film by a developer. In the
case where the photosensitive resin composition of this inven-
tion is used, radicals generated from the photopolymerization
initiator upon photoirradiation undergo a chain reaction with
unsaturated linkages and insolubilize the film in the devel-
oper. Since the unexposed portion is soluble in an alkaline
developer, the pattern is formed by utilizing the difference in
solubility in the developer between the exposed and unex-
posed portions.

The developers to be used in this developing step are based
on aqueous solutions of inorganic and organic alkaline sub-
stances. Examples of inorganic alkaline substances include
sodium hydroxide, potassium hydroxide, and sodium carbon-
ate and examples of organic alkaline substances include pri-
mary amines such as ethylamine and n-propylamine, second-
ary amines such as diethylamine and di-n-propylamine,
tertiary amines such as triethylamine and methyldiethy-
lamine, alcoholamines such as dimethylethanolamine and
triethanolamine, and quaternary ammonium salts such as tet-
ramethylammonium hydroxide (TMAH) and tetraethylam-
monium hydroxide. Further, a developer formed by adding a
suitable amount of a water-soluble alcohol such as methanol,
ethanol, 1-propanol, and 2-propanol and a surfactant to one of
the aforementioned alkaline substances can be used satisfac-
torily. A practice known for improvement of the developing
property is addition of an organic solvent capable of dissolv-
ing polymers with relative ease, for example, a polar aprotic
solvent such as NMP, N,N-dimethylformamide (DMF), N,N-
dimethylacetamide (DMAc), and dimethyl sulfoxide
(DMSO). However, this practice is not necessary in this
invention and it is desirable that it is not used. A method such
as spraying, puddling, and dipping is used for development.

The pattern formed in the aforementioned manner is
washed with distilled water or the like and then submitted to
a heat treatment (post cure). The polyimide precursor under-
goes dewatering cyclization to form imide rings during the
post cure step and this contributes to yield a pattern of excel-
lent heat resistance. The heat treatment is preferably carried
out at 180-400° C. for 10-120 minutes, more preferably at
180-300° C. The temperature may be raised stepwise in the
heating step.

After exposure to light or after exposure to light, develop-
ment, and washing, the film of the photosensitive resin com-
position of this invention is cured by submitting it to the
aforementioned post cure as a heat treatment to effect imi-
dization. The cured film is controlled to have a coefficient of
linear thermal expansion of not more than 40x10~%/K, pref-
erably not more than 20x10~%K.

EXAMPLES

This invention will be explained concretely with reference
to the examples below. Evaluation of the patterning perfor-
mance and measurement of the coefficient of linear thermal
expansion were conducted as follows.

(Evaluation of Patterning Performance)

The photosensitive resin composition was applied to the
copper side of a copper-clad laminate (ESPANEX MC12-25-
00CEM, a product of Nippon Steel Chemical Co., Ltd.) by
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spin coating and dried by heating at 110° C. for 3 minutes.
The dried film of the composition was exposed to light from
a high-pressure mercury lamp at a total dosage of 1,000 mJ.
The exposed film was developed by a 2.38 wt % aqueous
TMAH solution at 30° C. for 2 minutes and 45 seconds. The
pattern thus obtained was washed with water and post-cured
at 220° C. for 30 minutes. The thickness of the film after post
cure was approximately 10 pm. The patterning performance
was evaluated on the basis of the minimum resolvable via
hole diameter.

<Measurement of Coefficient of Linear Thermal Expansion
(CTE)>

The coefficient of linear thermal expansion was measured
as follows; the photosensitive resin composition was applied
to a substrate made from a copper foil, developed, and post-
cured to form a pattern, the substrate was removed to yield a
specimen in the form of a film, and the specimen was tested
with the aid of TMA100 manufactured by Seiko Instruments
Inc. by cooling the specimen to —20° C., then raising the
temperature to 250° C. at arate of 10° C./min, and calculating
the coefficient of linear thermal expansion from the average
over the range of 100° C. to 200° C.

The abbreviations used in the examples refer to the follow-
ing compounds.

APAB: 4-Aminophenyl 4'-aminobenzoate

BAPT: Bis(4-aminophenyl) terephthalate

mTB: 4,4'-Diamino-2,2'-dimethylbiphenyl

VAB: 4,4'-Diamino-2,2'-divinylbiphenyl

MAB: 4,4'-Diamino-2,2'-dimethacryloxybiphenyl
TFMB: 4,4'-Diamino-2,2'-bis(trifluoromethyl)biphenyl
Example 1

In a 300-ml three-necked flask under a nitrogen flow, 6.2 g
(0.027 mol) of APAB, 9.6 g (0.045 mol) of mTB, and 43 g
(0.018 mol) of VAB were dissolved in 160 g of N,N-dimethy-
lacetamide. To the solution was added 19.2 g (0.088 mol) of
PMDA at room temperature with stirring and the mixture was
further stirred for 3 hours to yield a polyimide precursor
solution 1.

To 100 parts by weight of the polyimide precursor (as
solid) thus obtained were added 5 parts by weight of Irgacure
OXE-02 manufactured by Ciba Japan as a radical polymer-
ization initiator and 30 parts by weight of PET-30 manufac-
tured by Nippon Kayaku Co., Ltd. as a polyfunctional acry-
late. After the addition, the mixture was stirred sufficiently by
means of an agitator and then air bubbles were removed from
the resin by vacuum defoaming to yield a photosensitive resin
composition.

The photosensitive resin composition thus obtained was
evaluated for patterning performance and measured for the
coefficient of linear thermal expansion. The composition of
raw materials for the polyimide precursor and the results of
evaluation are shown for each example in Table 1.

Example 2

In a 300-ml three-necked flask under a nitrogen flow, 14.3
£ (0.063 mol) of APAB, 1.9 g (0.009 mol) of mTB, and 4.2 g
(0.018 mol) of VAB were dissolved in 160 g of N,N-dimethy-
lacetamide. To the solution was added 19.0 g (0.087 mol) of
PMDA at room temperature with stirring and the mixture was
further stirred for 3 hours to yield a polyimide precursor
solution 2.

Example 3

In a 300-ml three-necked flask under a nitrogen flow, 10.3
£ (0.045 mol) of APAB, 5.7 g (0.027 mol) of mTB, and 4.3 g
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(0.018 mol) of VAB were dissolved in 160 g of N,N-dimethy-
lacetamide. To the solution was added 19.1 g (0.088 mol) of
PMDA at room temperature with stirring and the mixture was
further stirred for 3 hours to yield a polyimide precursor
solution 3.

Example 4

In a 300-ml three-necked flask under a nitrogen flow, 6.1 g
(0.027 mol) of APAB, 3.8 g (0.018 mol) of mTB, and 10.6 g
(0.045 mol) of VAB were dissolved in 160 g of N,N-dimethy-
lacetamide. To the solution was added 18.9 g (0.087 mol) of
PMDA at room temperature with stirring and the mixture was
further stirred for 3 hours to yield a polyimide precursor
solution 4.

Example 5

In a 300-ml three-necked flask under a nitrogen flow, 9.3 g
(0.041 mol) of APAB, 5.2 g (0.024 mol) of mTB, and 3.9 g
(0.017 mol) of VAB were dissolved in 160 g of N,N-dimethy-
lacetamide. To the solution were added 14.1 g (0.065 mol) of
PMDA and 7.4 g (0.016 mol) of TAHQ at room temperature
with stirring and the mixture was further stirred for 3 hours to
yield a polyimide precursor solution 5.

Example 6

In a 300-ml three-necked flask under a nitrogen flow, 12.3
g (0.058 mol) of mTB and 3.4 g (0.014 mol) of VAB were
dissolved in 160 g of N,N-dimethylacetamide. To the solution
were added 7.6 g (0.036 mol) of PMDA and 16.4 g (0.036
mol) of TAHQ at room temperature with stirring and the
mixture was further stirred for 3 hours to yield a polyimide
precursor solution 6.

Example 7

In a 300-ml three-necked flask under a nitrogen flow, 18.5
£ (0.053 mol) of BAPT, 1.6 g (0.008 mol) of mTB, and 3.6 g
(0.015 mol) of VAB were dissolved in 160 g of N,N-dimethy-
lacetamide. To the solution was added 16.3 g (0.075 mol) of
PMDA at room temperature with stirring and the mixture was
further stirred for 3 hours to yield a polyimide precursor
solution 7.

Example 8

In a 300-ml three-necked flask under a nitrogen flow, 9.9 g
(0.043 mol) of APAB, 5.5 g (0.026 mol) of mTB, and 6.1 g
(0.017 mol) of MAB were dissolved in 160 g of N,N-dim-
ethylacetamide. To the solution was added 18.5 g (0.085 mol)
of PMDA at room temperature with stirring and the mixture
was further stirred for 3 hours to yield a polyimide precursor
solution 8.

Example 9

In a 300-ml three-necked flask under a nitrogen flow, 9.6 g
(0.042 mol) of APAB, 8.1 g (0.025 mol) of TFMB, and 4.0 g
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(0.017 mol) of VAB were dissolved in 160 g of N,N-dimethy-
lacetamide. To the solution was added 18.2 g (0.084 mol) of
PMDA at room temperature with stirring and the mixture was
further stirred for 3 hours to yield a polyimide precursor
solution 9.

A photosensitive resin composition was prepared as in
Example 1 from each ofthe polyimide precursors obtained in
Examples 2 to 9 by addition of the radical polymerization
initiator and the polyfunctional acrylate, sufficient stirring of
the mixture by means of an agitator, and removal of air
bubbles from the resin by vacuum defoaming.

The photosensitive resin compositions of Examples 2 to 9
were respectively evaluated for patterning performance and
measured for the coefficient of linear thermal expansion. The
composition of raw materials for the polyimide precursor and
the results of evaluation are shown for each example in Table
1.

Comparative Example 1

A polyimide precursor solution was synthesized as in
Example 1 except that VAB was not used and the other raw
materials were used in the amounts shown in Table 1. The
polyimide precursor was then processed as in Example 1 to
yield a photosensitive resin composition. The photosensitive
resin composition did not form a recognizable pattern after
exposure to light and the exposed composition wholly dis-
solved in a developer at the time of development and, as a
result, a film for measurement of the coefficient of linear
thermal expansion could not be obtained.

Comparative Example 2

A polyimide precursor solution was synthesized as in
Example 1 except that ARAB was not used and the other raw
materials were used in the amounts shown in Table 2. The
polyimide precursor was then processed as in Example 1 to
yield a photosensitive resin composition. The photosensitive
resin composition formed a recognizable pattern after expo-
sure to light, but the pattern could not remain after develop-
ment as the exposed composition swelled and peeled off at the
time of development because of the absence of difference in
solubility between the exposed and unexposed portions.
Thus, a film for measurement of the coefficient of linear
thermal expansion could not be obtained.

Comparative Example 3

A polyimide precursor solution was synthesized as in
Example 1 except that mTB was not used and the other raw
materials were used in the amounts shown in Table 2. The
polyimide precursor was then processed as in Example 1 to
yield a photosensitive resin composition. The photosensitive
resin composition formed a recognizable pattern after expo-
sure to light, but the pattern was washed out wholly at the time
of development. Thus, a film for measurement of the coeffi-
cient of linear thermal expansion could not be obtained.

TABLE 1

Example

Raw material (g)

APAB
BAPT
mTB

62 143 103 6.1 9.3 0 0 9.9 9.6
0 0 0 0 0 0 185 0 0
9.6 1.9 57 38 52 123 1.6 5.5 0
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TABLE 1-continued
Example
1 2 3 4 5 6 7 8 9
VAB 4.3 4.2 43 106 3.9 34 3.6 0 4.0
MAB 0 0 0 0 0 0 0 6.1 0
TFMB 0 0 0 0 0 0 0 0 8.1
PMDA 192 19 19.1 189 14.1 7.8 163 185 182
TAHQ 0 0 0 0 74 164 0 0 0
Property
Diameter of via hole (um) 50 75 75 50 40 40 75 75 75
CTE (xlO’G/K) 16 12 16 18 20 15 22 18 17
15 )
TABLE 2 -continued
@
C ti 1 — -
omparative example R, Ry
Raw material (g) 1 2 3 20 O O
——NJJ—AIJJ—N —

APAB 6.3 0 16.3 H / H

mTB 13.6 15.6 0 HOOC ~ COOH

VAB 0 43 42 R, R

PMDA 19.4 19.4 18.9 25 - -

As is apparent from the results shown in Table 1, it is
confirmed in each of the examples that the photosensitive

&)

resin composition displays sufficient patterning performance 3o

against an alkaline developer and, further, the coefficient of

linear thermal expansion is sufficiently low to effectively

reduce warpage. In contrast, patterning was not possible and N N

a patterned film could not be obtained in each of the com- o ) )

parative examples and it was confirmed that the resin com- 35 wherein in formula .(l)’ X is a tetravalent aromatic group

positions obtained in the comparative examples cannot be fom}ed by removing th? carboxyl groups from an aro-

used as photosensitive resin compositions. matic tetracarboxylic acid, and the tetravalent aromatic
group comprises a group derived from pyromellitic
dianhydride; Y is a divalent aromatic group formed by

INDUSTRIAL APPLICABILITY 40 removing the amino groups from an aromatic diamine,

and Y contains an ester group (—COO—); and

A photosensitive resin composition provided by this inven- wherein in formulas (2) and (3), Ar is a tetravalent aromatic
tion has sufficient patterning properties against alkaline group formed by removing the carboxyl groups from an
developers and its coefficient of linear thermal expansion is aromatic tetracarboxylic acid, and the tetravalent aro-
sufficiently low to effectively reduce warpage. Further, the matic group comprises a group derived from pyromel-
photosensitive resin composition can be cured by heating at a litic dianhydride; each of R, to R, is independently a
temperature below 250° C. and it is of high industrial value hydrogen atom, a substituted or unsubstituted alkyl
because of its applicability to the production of semiconduc- group of 1-6 carbon atoms, a phenyl group, or an alkoxyl
tor devices on which a high-temperature treatment is difficult S0 group of 1-6 carbon atoms; each of R and R is inde-
to perform. pendently a monovalent organic group of 2-6 carbon

atoms having a radically polymerizable unsaturated

The invention claimed is: linkage.

1. A photosensitive resin composition containing a poly- 2 The photp sensitive resin compo Sm,OI,l,aS de?sgnbed n
imide precursor consisting essentially of structural units rep- 33 claim 1 wherein a photopolymer.‘lzatlon mitiator 1s 1ncorpo-
resented by the following formulas (1), (2) and (3), wherein rated ata rgte ,Of 1-20 parts by weight per 100 parts by weight
the proportion of the structural unit represented by formula of the polyimide Precursor. .. . .
(3) in the polyimide precursor is 5-60 mol %: 3 The pho.tosensmve resin composition as described in

claim 1 wherein the composition can be developed by a devel-

60 oper based on an aqueous alkaline solution.
M 4. A cured film which is obtained from a photosensitive
o o resin compositioq by exposure to light gnd heat gurjng the
photosensitive resin composition containing a polyimide pre-
N X N—Y cursor consisting essentially of structural units represented by
H HOOC/ \COOH H 65 the following formulas (1), (2), and (3) wherein the propor-

tion of the structural unit represented by formula (3) in the
polyimide precursor is 5-60 mol %,
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group comprises a group derived for pyromellitic dian-
(1) hydride; Y is a divalent aromatic group formed by
o o removing the amino groups from an aromatic diamine,
and contains an ester group (—COO—);
X /X\ N—Y 5 wherein in formulas (2) and (3), Ar is a tetravalent aromatic
HOOC COOH group formed by removing the carboxyl groups from an
aromatic tetracarboxylic acid, and the tetravalent aro-
@ matic group comprises a group derived from pyromel-
- R R 9 litic dianhydride; each of R, to R, is independently a
R 10 hydrogen atom, a substituted or unsubstituted alkyl
Q Q group of 1-6 carbon atoms, a phenyl group, or an alkoxyl
__NJJ_AIJJ_N - group of 1-6 carbon atoms; each of R and Ry is inde-
H / H pendently a monovalent organic group of 2-6 carbon
atoms having a radically polymerizable unsaturated
R, Ry 15 linkage; and
- = wherein the cured film has a coefficient of linear thermal
® expansion of not more than 40x10 ~%/K.
5. The photosensitive resin composition as described in

HOOC COOH

o o RS/\’ \ _ /R6 claim 1, wherein the Proportion. of the structura.l unit repre-

< \ /> 20 sented by formula (1) in the polyimide precursor is 10-80 mol

—N Ar N/— \ %, and the proportion of the structural unit represented by
H /N H ™~ formula (2) in the polyimide precursor is 5-85 mol %.

HOOC COOH

6. The photosensitive resin composition as described in
claim 4, wherein the proportion of the structural unit repre-

25 sented by formula (1) in the polyimide precursor is 10-80 mol
%, and the proportion of the structural unit represented by

wherein in formula (1), X is a tetravalent aromatic group . oL '
formula (2) in the polyimide precursor is 5-85 mol %.

formed by removing the carboxyl groups from an aro-
matic tetracarboxylic acid, and the tetravalent aromatic * ok k& ok



